Abstract: Desalination of seawater has become an important and growing industry due to the water shortage in some Mediterranean countries. This activity may result in environmental impacts, mainly generated by the discharge into the sea of the concentrate (brine) produced. Data regarding the dispersion of these hypersaline effluents, and about their effects in the marine ecosystem, are very scarce. The objective of this paper is to present some strategies for the monitoring, in time and space, of the brine discharge, and to describe the marine organisms selected as bioindicators for these studies (seagrasses and echinoderms), due to their relevance and high sensitivity to salinity changes.
Introduction
During the last decades, water resources have been intensiveely used in some Mediterranean countries, which together with the low precipitation occurring in the zone has resulted in water scarcity (Medina San Juan, 2001 ). Desalination of seawater has been proposed as a possible solution for this problem, and the number of projected and constructed desalination plants has increased in this region in recent years (Medina San Juan, 2001) .
Currently, the Reverse Osmosis (RO) method is the preferred desalination process mainly due to the low energy and space consumption and the reduction in the cost of the potable water obtained (Morton, Callister and Wade, 1996; Einav, Harussi and Perry, 2002; Purnama, Al-Barwani and Al-Lawatia, 2003) . But this activity may cause some environmental impacts, mainly generated by the discharge into the sea of the concentrate (brine) produced (44-90 psu), and of chemicals (antiscalant, antifouling, hydrochloric acid, ferric chloride, sodium hexametaphosphate, etc.) used in desalination processes (Höpner and Windelberg, 1996; Pérez Talavera and Quesada Ruiz, 2001) . When the brine is discharged into the sea, the density difference between brine and seawater will induce the formation of a stratified system, with brine forming a bottom layer that can affect the benthic communities that usually live in stable salinity environments (Del Bene, Jirka and Largier, 1994; Gacia and Ballesteros, 2001 ). The magnitude of this impact will depend on the characteristics of the desalination plant and its reject brine, not only the location and the area of influence of the discharge, but also on the nature and tolerance of the marine communities affected by this discharge (Ahmed et al., 2000; Einav, Harussi and Perry, 2002; Lattemann and Höpner, 2003) .
Available information regarding the behaviour of these hypersaline effluents and about their effects in the marine ecosystem is limited (Pérez Talavera and Quesada Ruiz, 2001; Castriota et al., 2001; Chesher, 1975; Tomasko et al., 1999) . However, the discharge of brine into the sea requires particular attention and scientific assessment of possible impacts on the marine environment. These potential impacts may be minimised by selecting an appropriate discharge location or with previous dilution of the effluent, and also by establishing a carefully designed monitoring programme in order to assess the brine plume distribution over time and taking appropriate measurements when necessary (Höpner, 1999; Einav, Harussi and Perry, 2002) .
Monitoring programmes consist of the repeated observation of a system with the purpose of detecting a change (Kingsford, 1998; Short et al., 2002) . These programmes should be designed to identify any potential signs of disturbance in an ecosystem at an early stage; therefore, they need a regular sampling in time with an adequate replication at more than one location. Environmental monitoring usually focuses on data collected from relevant biological or physical parameters that are considered as useful targets for assessing the studied impact, and acceptable ranges of variation for these parameters must be established.
The objective of this paper is to provide some strategies for monitoring, in time and space, a desalination plant discharge, and to describe the marine organisms selected as bioindicators for these kinds of studies (seagrasses and echinoderms), due to their relevance and high sensitivity to salinity changes.
Previous studies
Environmental impact assessment is necessary before the desalination plant starts to operate. This process must produce a good selection of the discharge point in order to avoid sensitive communities. It is also of great relevance to carry out preliminary studies, in order to know the bathymetry and hydrodynamics of the area close to the discharge point. Data can be analysed by a computer model, like CORMIX, to predict dispersion and mixing of brine discharges in a preliminary way (Del Bene, Jirka and Largier, 1994; Doneker and Jirka, 2001 ). The results obtained by those models will be of great utility when planning later programmes of environmental monitoring, because it will help us to estimate the possible area affected by hypersalinity.
Nevertheless, the aim of a preliminary study is also to know the state of marine communities that could be affected by the brine in order to establish a baseline situation for key species. These key species have to be selected by their ecological relevance or their sensitivity. This baseline studies will also allow before-after comparison to detect changes on marine biota. An efficient environmental monitoring is only possible through the use of tools that allow a rapid and interpretable evaluation of the environmental conditions over time. This monitoring must involve more than just the analysis of the classical physicochemical parameters (Blandin, 1986) . With this purpose, researchers propose the use of living organisms that are able to provide information about changes in the quality of existing environmental conditions (Blandin, 1986) .
Monitoring of the effluent dispersion (on time and space)
It is necessary to control the temporal and spatial dispersion of the effluent by measuring the physical properties of the seawater in the vicinity of the desalination plants.
Brine distribution in space
It is essential to know the spatial distribution of brine in the closest area to the effluent discharge. For this reason, surveys should be carried out through the year to consider the seasonal variability (different winds, calms, breezes, etc.) and to include the possible formation of thermoclines. It is recommended to achieve at least two campaigns per year, one in summer, with calm sea conditions, which could mean a lower dilution of the brine discharge, and the other one at the end of winter, with stronger hydrodynamics conditions and a more elevated brine dilution.
In each campaign, a grid of sampling stations near the brine discharge point must be established ( Figure 1 ). The extension of the studied area and the grid spacing will depend on the production of the desalination plant, on the type of discharge, on the receiving environment (bathymetry and hydrodynamic regimes) and on the existence of predictive models.
The samplings require Conductivity, Temperature and Depth devices (CTDs) or other equipment that can be used to obtain temperature, salinity and density profiles of the water column, with the purpose of delimiting the brine plume and its dilution throughout the area (Figure 2 ). 
Temporal changes of salinity
When sensitive communities are near the discharge point, it may be interesting to have a continuous register of salinity. In addition, these measurements give us temporal fluctuations in salinity due to natural or anthropogenic causes. Conductivity and Temperature devices (CTs), with incorporated data loggers, moored near the bottom can be used for measuring simultaneously the salinity and temperature with great accuracy at multiple locations. These locations can be selected due to the presence of biological communities of interest, like the limit of the P. oceanica meadow, with the purpose of detecting if the brine affects this community, or in control localities. When the brine is diluted with seawater it may be necessary to deploy a CT before the discharge, to monitor changes in the salinity due to changes in the dilution. When previous dilution is not required, it may not be necessary for continuous salinity monitoring since the salinity of the discharge is quite constant.
Monitoring effluent composition
The main characteristic of the discharge of a RO seawater desalination plant is its high salinity. However, it may be interesting to analyse the composition of the discharge in order to detect the presence of other substances with biological relevance. In particular, the nutrient level must be controlled since it may be high if the intake is through beach wells or if compounds with phosphates are used as antiscalants. In addition, the amount of organic matter must be monitored when seawater open intakes are used. Several samples may be taken along the year but it is not necessary for a high frequency since the composition is relatively constant.
Organisms selected as bioindicators
Effective environmental monitoring programmes involve the identification of biological indicators or bioindicator species. These species must be sedentary since high mobility species do not necessary to reflect the local conditions, of ecological relevance, with a broad distribution, extensively studied and particularly sensitive to environmental variations (Molfetas and Blandin, 1981) . The presence and abundance of a bioindicator can be considered as representative and integrative measures of changes on the environmental conditions. On the other hand, the combined use of different organisms and descriptors makes it possible to integrate the complexity of the ecological system and may allow a rapid detection of potential impacts. The selection of bioindicators has to be adapted to local conditions, although a wide distribution of the bioindicators is always preferable.
Posidonia oceanica meadows
Seagrasses represent an important ecosystem susceptible to being affected by desalination effluents, due to their location in the littoral zone and their elevated sensitivity to changes in the environmental quality (Short and Wyllie-Echeverria, 1996; Bianchi and Morri, 2000; Ferrat, Pergent-Martini and Romeó, 2003) . Particularly, P. oceanica (L.) Delile is an endemic and protected seagrass of the Mediterranean Sea, where it forms one of the most relevant and productive communities (Boudouresque and Meinesz, 1982) . However, this species is considered very vulnerable and has suffered a notable regression commonly attributed to several human activities (Sánchez-Lizaso, Guillen Nieto and Ramos Espla, 1990; Ruiz, 2000) . Recent studies have demonstrated the low tolerance of this species to salinity increments (Buceta et al., 2003; Fernández-Torquemada and Sánchez-Lizaso, 2005) .
Consequently, given its broad distribution throughout the Mediterranean Sea and its sensitivity to augments in salinity, P. oceanica would be an interesting bioindicator for monitoring the brine discharges from desalination plants. Several descriptors/variables of this species can be used in the monitoring programmes. The variables most employed in other studies are density, cover, dead matte, phenology, foliar growth, shoot balance, and rhizome production (Pergent et al., 1995; Francour et al., 1999; Buia et al., 2004; Fonseca et al., 2004) . Most of these data are acquired by destructive methods, collecting P. oceanica shoots from the studied area. However, ideally monitoring should be non-destructive to reduce interference with the system studied. Permanent parcels are non-destructive techniques that allow estimating population dynamics, shoot mortality and recruitment rate of P. oceanica. The size of the frame depends on the depth and the shoot density of the meadow. Fixed line transects or marks in the meadow limits can also be employed. All these microcartography techniques are very useful to detect small changes and cause minimal perturbation of the meadow.
Echinoderms
Echinoderms (such as Paracentrotus lividus, Echinaster sepositus, Holothuria spp, etc.) are considered as good bioindicator organisms because of their abundance and their wide distribution. They have been selected for these monitoring programmes because they are osmoconformers, which are not able to regulate their osmotic pressure. Several studies have demonstrated that they are able to tolerate only a narrow range of salinities (Irlandi, Maciá and Serafy, 1997; Basuyaux, Mathieu and Day, 1998) . The decrease or total disappearance of the echinoderms in the area close to the effluent may be used as an indicator of changes in the marine communities produced by the influence of the brine from a desalination plant.
Echinoderms density may be estimated by transect lines (10 m × 1 m) or using quadrates (1 m 2 ). A preliminary sampling is necessary to determine the best sample unit size. In general, the lower the abundance of these species, the larger the sample unit size needs to be.
Soft bottom fauna
Ideally, brine discharge of desalination plants must avoid vegetated bottoms. When the discharge is produced on sandy or muddy bottoms without seagrasses and with very low density of echinoderms it may be interesting to use soft bottom infauna as a bioindicator. Samples may be obtained by dredging or diving. These samples require a long processing time and a high taxonomic competence to be identified. Effort may be reduced by focusing on some groups or identifying only down to family level. It has been observed that some families of polychaeta are quite sensitive to salinity increase. Molluscs and crustaceans may also be used since they are important components of soft bottom fauna.
Experimental design
After the selection of bioindicators, the next step is to define a correct experimental design able to deal with the natural spatial and temporal variability of these organisms and to detect effects of predetermined importance.
An optimal sampling design should commence before the brine discharge has occurred in order to perform baseline studies, then once the desalination plant starts to operate it can be detected any change from the preliminary state. If the monitoring programme starts once the desalination discharge has occurred, asymmetrical designs should be used, and effects should be demonstrated only by comparison with controls.
By definition, monitoring studies involve repeated sampling in time. Sampling frequency will depend on the objectives of the monitoring programme, and has to consider the natural seasonal variability and the desalination production. But sampling should also be replicated in space. Monitoring programmes should produce statistically interpretable results, so sampling design must be well-planned with sufficient replicates and controls. At least three, but usually more replicates (Posidonia shoots, quadrates, transects, etc.) should be chosen in each locality. One locality must be situated as near as possible to the outlet of the desalination plant, and the other must be far enough away to be unaffected by the brine, although with similar conditions to the first one.
Some examples of monitoring programmes
Examples of some monitoring programmes of brine discharges from desalination plants carried out by the Marine Biology Unit from the Alicante University are presented in the next sections.
Monitoring of the Seawater Reverse Osmosis (SWRO) desalination plant of Jávea (Alicante, SE Spain)
In June 2002, a SWRO desalination plant began operation at Jávea (Alicante, SE Spain), using seawater obtained from coastal deep wells as feedwater. Currently, the plant produces 6720 m 3 day -1 of potable water per line, with a water conversion of 44.8% and a maximum production of 26,800 m 3 day -1 . However, water production can vary significantly between seasons, with a significant increment during summer. Brine (68 psu) is initially mixed with seawater to get salinity lower than 44 psu, and it is emitted by 16 outfalls to increase its dilution, into an artificial channel of 700 m long (Fontana Channel) that discharges close to a beach. The seabed of the area next to this channel mainly consists on sand with a few patches of rocks. P. oceanica meadows appear at both sides of the beach at a distance of approximately 400 m from the channel outfall.
Monitoring was carried out from August 2002 to August 2005. During this time, a total of six campaigns were done in summer, with calm sea conditions, and in the end of winter, with stronger hydrodynamics conditions and more elevated brine dilution. In each campaign, a grid of 30 sampling stations near the brine discharge place was established. At every station, salinity measurements were taken from surface and bottom water using a CTD.
Biological organisms selected for the monitoring programme included both P. oceanica and echinoderms (P. lividus, Arbacia lixula and Holothuria spp), due to their high sensitiveness to changes in salinity. Three stations were selected; one close to the desalination plant discharge, and two controls (Figure 3) . At each station and at three different depths (−3, −7 and −15 m), four permanent parcels were established. Each quadrate was a 40 × 40 cm frame, inside of which all or at least 50 Posidonia shoots were marked using a cable tie. Density of echinoderms was estimated at the same localities but only at −3 m depth in the P. oceanica meadow and over rocky substrata, with ten replicates of 1 m 2 quadrates. Monitoring of these organisms was done regularly in summer of subsequent years to estimate new and dead P. oceanica shoots and changes in echinoderms density. During these years, we have observed a rapid dilution of the brine discharged and no effect on the P. oceanica meadows and echinoderm communities of the area. The only effect observed on biological communities is the attraction of fishes near the discharge and the renewal of water from the previously anoxic channel (Fernández-Torquemada et al., 2004; Malfeito et al., 2005) .
Monitoring of the SWRO desalination plant of Alicante (SE Spain)
A SWRO desalination plant started to work in September 2003 at Alicante (SE Spain). It has a capacity of 50,000 m 3 day -1 with a conversion factor of 40%, which represents a discharge of 75,000 m 3 day -1 with a salinity of 68 psu. Discharge is produced directly on the coastline, on the shore south of Alicante Harbour, because this is an area degraded by previous impacts (sewages, harbour, anchoring, etc.) . From the time the SWRO desalination plant started to operate until nowadays, eight campaigns were made in February, April and August of each year. In all the surveys, a grid of more than 100 sampling stations near the brine discharge place was established. At each station, salinity, temperature and depth profiles were taken employing a CTD.
P. oceanica meadows that appear at 16 m depth and 2 km from the discharge point, and echinoderms were selected as bioindicators. Three stations were selected; one in front of the desalination plant discharge, and two controls, one of them, 2 km North and another one 2 km South (Figure 4) . At each locality, three sites with four permanent quadrates were established in June 2003 at the upper limit of the meadow (−16 m depth) and at the continuous meadows (−20 m depth). Each permanent parcel was a 40 × 40 cm frame, inside of which all Posidonia shoots were marked. Five shoots per location and depth were collected for obtaining posterior biometric data. Close to the shallow locations, CT devices were moored in order to get a continuous registration of the salinity. Density of echinoderms was estimated at the same localities but only in the upper limit of the meadow with ten replicated transects of 10 m. Campaigns to monitor these organisms were done regularly in summer and winter of successive years to detect any changes. Soft bottom fauna has been monitored in three transects one of them in front of the discharge, at 5, 10 and 15 m depth. Three samples per survey and locality and two surveys per year have been done. Significant increases of bottom salinity were observed several kilometres away from the discharge point, reaching the P. oceanica meadow, except in summer months when, due to the low temperature below the thermocline, the brine moves in the middle of the water column. A reduction of the echinoderms was observed and some changes in soft bottom fauna but no permanent damage to P. oceanica meadows.
Monitoring programme of the SWRO desalination plant of San Pedro del Pinatar (Murcia, SE Spain)
In May 2005, the SWRO desalination plant of the New Channel of Cartagena in San Pedro del Pinatar began to work. Since the construction of the main outfall for the brine discharge had not been completed, brine was provisionally discharged at the coastline, at −2 m depth, after its dilution with seawater. Six CTs were deployed, one by the discharge point and five in the P. oceanica upper limit, two of them connected to buoys that transmit the salinity values to the plant. A protocol was established in order to increase the dilution of the brine or reduce the number of lines in operation, when salinity increments over the reference limits were observed in the meadow. During this time, a total of eight campaigns were done, coinciding with the increment of the desalination production or with new dilutions of the brine. In each campaign, a grid of 60 sampling stations near the brine discharge place was established, with the purpose of delimiting the brine plume and its dilution along the area. At each station, salinity measurements were taken from surface and bottom water. Biological organisms selected for the monitoring programme included both, P. oceanica meadows and Dendropoma petraum formations, due to their ecological relevance, and echinoderms, due to their sensitiveness to changes in salinity. Five stations were selected: two close to the brine disposal and three controls ( Figure 5 ). At each station, and at two different depths (−5 and −7 m), three sites with four permanent parcels were established. Each quadrate (square) was a 20 × 20 cm frame at −5 m depth and 40 × 40 cm at −7 m, inside of which all Posidonia shoots were counted. Ten shoots per site were collected for obtaining biometric data. Density of echinoderms was estimated at each site but only in the upper limit of the meadow (−5 m) with ten replicates of 10 m 2 , and over a substratum of dead matte and rock at −3 m depth. Monitoring of biological organisms was done at each three months.
During this monitoring programme, we have detected only one episodic event of elevated salinity (>40 psu) in the upper P. oceanica limit, but we have not identified significant effects on the Posidonia and faunal communities. In January 2006, the construction of the main outfall was concluded, finishing the provisional monitoring programme. No evidence has been detected of environmental impacts on the organisms in the area of discharge. 
